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ABSTRACT 
A study was undertaken to assess the effect of protected protein and protected fat on milk 
yield, milk composition and fatty acid profiles in crossbred cows. The feeding trial of 4 months 
duration was conducted on 24 crossbred cattle which were subjected treatment T0 (Control), T1 
(Protected protein), T2 (Protected fat) and T3 (Protected protein and protected fat).Crossbred cows 
in second to fourth lactation with most probable production ability (MPPA) of average 2300 liter 
milk production per lactation for each group were selected for the study. All animals were fed 
with 2/3 DM through roughages (2/3 from dry and 1/3 from green) + 1/3 DM from concentrate 
mixture. In T0 and T2 groups untreated groundnut cake was given in ration. Whereas, in T1 and 
T3 groups, groundnut cake was treated with formaldehyde (@ 1.0 g FA /100g CP). Also bypass 
fat (99%) was supplemented in T2 and T3 groups @ 10 g per liter milk production. Daily DM 
intake and daily milk yield for individual animals were recorded. Milk samples from individual 
animals were collected and analyzed for milk composition at fortnightly intervals.  From the 
pooled milk samples of treatment groups once during early lactation, the fatty acid profile 
analysis of milk was done by using NIR Spectrometer make Zeutec Rendsbory/Germany 
2005.The data generated during experimental period were analyzed by Factorial Randomized 
Block Design (FRBD) with SAS, 9.3.1 versions. 
 The DMI was significantly (P<0.05) higher in T3 (12.72) followed by T1 (12.59), 
T0 (12.47) and T2 (12.23). However, the DMI/ 100 kg body weight was 3.05, 3.01, 3.13 and 2.81 
kg/d in T0, T1, T2 and T3, respectively which was non significant among all treatment.The average 
digestible crude protein intake (DCPI) and total digestible nutrient intake (TDN) was 
significantly higher (P<0.01) in T3 followed by T2, T1 and T0. However, DCPI and TDNI / 100 
kg body weight did not differ among all groups.Average total digestible nutrient intake (TDN) 
was significantly higher (P<0.01) in T3 followed by T2 and T1 over T0. The TDNI/ 100 kg body 
INTERNATIONAL RESEARCH JOURNAL OF MULTIDISCIPLINARY 
  STUDIES 
  Vol. 2, Issue 7, July, 2016         ISSN (Online): 2454-8499     Impact Factor: 1.3599(GIF), 
                                                                                                  0.679(IIFS) 
 
 
1st July, 2016   Page 2 
Website: www.irjms.in                        Email: irjms2015@gmail.com, irjms.in@gmail.com  
weight were 1.74, 1.88, 2.03 and 1.84 kg/day in T0, T1, T2 and T3 treatment, respectively showing 
the similar trend as that of DCPI/ 100kg body weight. The average milk production during 
supplementation period was 9.82, 11.76, 11.41 and 12.43 kg/d in group T0, T1, T2 and T3, 
respectively which was significantly higher 16.49% in T1, 13.93% in T2 and 20.99% in T3 over 
T0.Similar trend was observed in 4% FCM and ECM yield in all treatment groups. There was a 
significant difference (P<0.05) in milk fat, milk protein, lactose, total solids, SNF among all 
treatment groups by feeding protected protein and fat.Supplementation of protected protein and 
fat increased the proportion of unsaturated and long chain fatty acids of milk and decreased 
saturated fatty acids. 
Key words: Protected protein, protected fat, formaldehyde, GNC, milk yield, milk composition, 
fatty acid profile. 
 
INTRODUCTION 
The livestock sector is one of the 
fastest growing agriculture sub sector in 
India. Milk and milk products are an 
important source of food and contributors of 
dietary requirements of energy, high quality 
protein, minerals and vitamins, particularly 
for the vegetarian population of the country. 
Milk consumption is predicted to increase 
globally in the coming years in line with the 
increasing world population, as greater 
income potential shall enhance the buying 
and consumption of milk and milk 
products.The present scenarios of animal 
production system imposes pressures on 
dairy animal for enhancing milk production 
with available dairy animal numbers, since 
the feed resources are limited and the animal 
population is very large, not only competing 
for feeds but also emitting GHG into the 
atmosphere and polluting it . The changes in 
dietary constituents of animals are therefore 
directed in enhancing milk productionwith 
higher nutrient use efficiency with respect to 
energy, protein and other essential nutrients. 
High energy supplements such as fat and 
oils are added to increase energy density of 
animal diets, while protected protein sources 
of better amino acid composition are added 
to enhance growth rate and milk production 
in dairy animals.A nutritional modification 
of dairy animal diets isnot only aimed at 
enhancing milk production but also in 
reducing the content of high saturated fatty 
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acids of milk. Recently,even more positive 
effects have been reported on milk 
production by feeding of the combination of 
bypass fat as well as bypass protein and 
manipulation of the milk composition. 
(Tripathi M. K., 2014) The milk fat 
composition being lately more sensitive to 
dietary manipulation than other milk 
constituents, has received a great attention. 
Fat supplements are used in animal diets not 
only because it supplies essential fatty acids 
and fat-soluble vitamins, but also because it 
provides more energy, approximately twice 
that of carbohydrates for enhancing milk 
production. Attempts have been made to 
obtain milk fat with healthier properties 
increasing its content in polyunsaturated 
fatty acids (PUFAs) which have 
unquestionable beneficial effects on lipid 
metabolism in human beings. By keeping 
the above objectives in view, the present 
study was undertaken to see the effect of 
feeding protected protein and protected fat 
alone or in combination on milk yield, milk 
composition and fatty acid profile of milk in 
crossbred cows.  
MATERIALS AND METHODS 
The experiment was conducted at 
Research Cum Development Project on 
Cattle, Department of Animal Husbandry and 
Dairy Science, Mahatma Phule Krishi 
Vidyapeeth, Rahuri Dist. Ahmednagar, 
Maharashtra, India located at 190 23’ 0” N 
and 740 39’ 0” E at an altitude of 511 mtr. 
Twenty four crossbred cows in second to 
fourth lactation with most probable 
production ability (MPPA) of average 
approximately 2300 liter milk production 
per lactation for each group were selected 
from the herd maintained at RCDP on 
Cattle. The experimental animals were 
randomly divided into four treatment groups 
of 6 in each. The experiment was conducted 
during Sept. 2013 to May 2014 depending 
upon the entry of the animal in, excluding 
the experiment adoption period of 10 days. 
The duration of experiment was considered 
from 30 days prepartum to 90 days 
postpartum. The animals were fed according 
to the nutrient requirement of livestock and 
poultry laid down by ICAR 1998 i.e @ 3.0 
% DM of their body weight. Fresh and clean 
drinking water were made available 
throughout the experimental period. The 
measured quantity of roughages i.e. chaffed 
whole sugarcane, maize green followed by 
dry jowar kabdi was offered after the 
concentrate feeding and in afternoon, green 
lucerne and jowar kadbi was offer to 
experimental animals. Concentrate mixture 
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@ 2.0 kg was given for body maintenance 
plus for production allowance i.e 30 per cent 
of milk production was given. The 
groundnut cake was treated with formalin 
(40% formaldehyde) at the rate of 1.0 g 
formaldehyde/ 100 g CP of cake. After 
treatment, the cakes was mixed thoroughly 
and then stored in tightly sealed plastic bags 
for at least 4 to 5 days, as per the procedure 
standardized for the protection of protein 
cake to make it bypass protein (Chatterjee 
and Walli, 2003).  
Daily dry matter intake was observed 
by recording the daily feed offered and 
leftover. The DM of different feed 
ingredients and concentrate was estimated 
once every week. Daily intake of nutrients 
of each cow was recorded throughout the 
experimental period. Animals were milked 
twice a day i.e. early in morning (5.00 AM) 
and in the evening (5.00 PM). Milk samples 
from individual animals were collected and 
analyzed for milk composition at fortnightly 
intervals throughout the experimental 
period. The samples were collected twice 
(morning and evening) from each animal 
and were analyzed for its composition using 
pre calibrated Milk Analyzer for two days 
and average of two days was taken for milk 
composition (LactoStar, FUNKE GERBER, 
Article No 3510,Berlin).From the pooled 
milk samples of all treatment groups once 
during early lactation, the fatty acid analysis 
of milk was done by using NIR 
Spectrometer make Zeutec 
Rendsbory/Germany 2005. 
The data generated during 
experimental period was subjected to 
statistical analysis, which was done by 
Factorial Randomized Block Design with 
SAS, (2011) 9.3.1 version by following 
standard method of analysis of variance 
given by Snedecor and Cochran (1989). 
RESULTS AND DISCUSSION 
The chemical composition of feed 
and fodder is presented in table 1. The 
chemical composition of concentrate 
mixture and ingredients composition used in 
experiment is presented in table 2.The fatty 
acid of experimental protected fat contained 
85.66 per cent saturated fat, 13.28 per cent 
mono unsaturated fat and 1.03 per cent poly 
unsaturated fat. 
Average dry matter and nutrient 
intake in different treatment group is 
presented in table 3. The DMI was 12.47, 
12.59, 12.23 and 12.72 kg/day in T0, T1, T2 
and T3, respectively, which was significantly 
(P<0.05) higher in T3 followed by T1, T0 and 
T2. It might be due to higher body weight in 
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T3, T1 and T0 than T2. However, from the 
table it is revealed that the DMI/100 kg body 
weight was 3.05, 3.01, 3.13 and 2.81 kg/d in 
T0, T1, T2 and T3, respectively which did not 
differ among all groups. The results 
confirmed the finding that in case of 
crossbreds, the dry matter requirements is @ 
3% of the body weight of animal. Singh et 
al. (2014); Sonttakke et al. (2014) and 
Ramteke et al. (2014) reported that the DM 
intake of dairy animals was not altered on 
supplementation of bypass fat. Sirohi et al. 
(2013) and Sai et al. (2014) observed non 
significant effect on supplementing bypass 
protein on DMI. The results of the present 
study indicated that there was no adverse 
effect of rumen protected fat and protein 
supplementation on DMI of lactating 
crossbreed cattle. Movaliya et al. (2013) and 
Amrutkar et al. (2014) reported significantly 
increase in DMI by feeding bypass protein. 
Whereas, Shelke et al. (2012) and Vahora et 
al. (2013) reported significant increase in 
DMI by feeding bypass fat and protein. 
The average digestible crude protein 
intake (table 3) was 1.15, 1.21, 1.18 and 
1.23 kg/d in T0, T1, T2 and T3, respectively 
which was significantly higher (P<0.01) in 
T3, T2 and T1 than T0 due to higher DMI. 
However, DCPI/ 100 kg body weight was 
0.28, 0.29, 0.30 and 0.27 kg/d in T0, T1, T2 
and T3, respectively. There was no difference 
among all groups. 
Average total digestible nutrients 
intake (TDN) were 7.11, 7.86, 7.93 and 8.32 
kg/day in T0, T1, T2 and T3, respectively 
which was significantly higher (P<0.01) in 
T3 followed by T2 and T1 over T0 might be 
due to supplementation of protected fat and 
protein. The TDNI/ 100 kg body weight 
were 1.74, 1.88, 2.03 and 1.84 kg/day in T0, 
T1, T2 and T3 treatment, respectively 
showing the similar trend as that of DMI and 
DCPI/ 100kg body weight. Singh et 
al.(2014) and Ramteke et al. (2014) reported 
increase in CP intake on supplementation 
with bypass fat. Ramteke et al.(2014) also 
reported increased TDN intake on 
supplementation of bypass fat in the diet of 
the dairy animals. Also Sai et al. (2014) 
reported no significant difference on CP and 
TDN intake, whereas Amrutkar et al. (2014) 
reported increased in CP and TDN intake by 
supplementing rumen protected Methionine 
and lysine. Shelke et al. (2012) and Gajera 
et al. (2013) reported increase in CP and 
TDN intake by supplementing bypass fat 
and protein.  
The average milk production (table 
4) during supplementation period was 9.82, 
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11.76, 11.41 and 12.43 kg/d in group T0, T1, 
T2 and T3, respectively which was 16.49% 
higher in T1, 13.93% higher in T2 and 
20.99% in T3 as compared T0. The treatment 
and period had significant effect on average 
daily milk yield of the animals. The results 
revealed that milk yield in treatment fed 
protected protein and fat in combination (T3) 
had highest milk yield followed by treatment 
protected protein alone (T1) and fat alone 
(T2) over the control group (T3). The 
improved supply of amino acids in the 
presence of sufficient energy might have 
also improved the protein-energy balance 
and created a better balance of precursors 
for milk synthesis, resulting in increased 
milk production. Also supplementation of 
protected protein and fat before parturition 
might have reduced the detrimental effects 
of negative energy balance which might 
have increased both lactation as well as 
metabolic performance. The significant 
improvement in milk production on 
supplementation of rumen protected fat and 
protein was in line with the findings of many 
researchers. Qureshi and Tawheed (2012); 
Naik et al. (2013); Sontakke et al. (2014); 
Ramteke et al. (2014); Kirovski et al. (2015) 
and Yadav et al. (2015) were reported 
significantly increased milk yield by feeding 
bypass fat. Positive response on milk 
production performance as a result of 
feeding protected proteins and amino acids 
have been observed by Sirohi et al. (2013); 
Amrutkar et al. (2014) and Kumar et al. 
(2015) who reported significantly increased 
milk yield by feeding bypass protein. 
Whereas, Quisi and Titi (2014) reported no 
effect of rumen protected methionine in 
goat.Similarly, Garg et al. (2012); 
Dhulipalla et al. (2013); Vahora et al. 
(2013); Grewal et al. (2014) and Nam et al. 
(2014) had also reported significantly 
increased milk yield by feeding bypass fat 
and protein. 
Fortnightly average fat corrected 
milk yield (4% FCM) (kg/day) in cows fed 
with or without protected fat and protein are 
also presented in table 4. The average 4% 
FCM yield were 9.66, 11.40, 11.56 and 
13.37 kg/d in T0, T1, T2 and T3, respectively. 
Group T1, T2 and T3 had 15.26, 16.43 and 
27.74% higher FCM yield over T0 group. 
Significantly higher FCM was observed in 
T3 over all the treatment groups but T1 and 
T2 were at par whereas; T0 was significantly 
lower among treatment group. Sontakke et 
al. (2014) Ramteke et al. (2014) and Yadav 
et al. (2015) reported significantly increased 
FCM yield by feeding bypass fat. Whereas, 
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Sirohi et al. (2013) and Amrutkar et al. 
(2014) reported significantly increased FCM 
yield by feeding bypass protein. Also Shelke 
et al. (2012); Dhulipalla et al. (2013); 
Vahora et al. (2013) and Nam et al. 
(2014)reported significant increase in FCM 
yield on feeding bypass fat and protein to 
lactating cows. 
Fortnightly energy corrected milk 
yield (ECM) (kg/day) in cows fed with or 
without protected fat and protein are 
presented in table 4. The table 4 reveals that 
the daily energy corrected milk yield during 
supplementation period was 9.54, 11.08, 
11.20 and 12.68 kg/d in group T0, T1, T2 and 
T3, respectively which was 24.61 % 
significantly higher in T3, 14.82% higher in 
T2 and 13.89% in T1 than T0 whereas 
treatment T2 and T1 were at par with each 
other and the significantly lower ECM in 
T0.Ramteke et al. (2014) reported 
significantly increased ECM yield by 
feeding bypass fat and Amrutkar et al. 
(2014) found increased FCM yield on 
feeding bypass protein to cows.Total fat 
yield kg/ day was significantly higher in T3 
(0.56) than T2 (0.46), T1 (0.44) and T0 (0.39) 
which were at par. Similar result was 
reported by Nam et al. (2014) by feeding 
bypass protein and fat. 
The overall average milk fat percent 
(table 4) was significantly higher (P<0.05) 
in group T3(4.52)than T2 (4.03), T0 (3.84) 
and T1 (3.81). However, T0, T1, and T2 were 
at par to each other. Milk fat percentage was 
increased as reported by Sontakke et al. 
(2014); Kirovski et al.(2015). 
Alsosupplementation of bypass protein to 
lactating animals also increased milk fat 
percentage reported by Amrutkar et al. 
(2014) and Quisi and Titi (2014)].  
However,  supplementation of bypass fat 
and protein, either increased milk fat 
percentage [(Shelke et al. (2012); Dhulipalla 
et al. (2013); Vahora et al. (2013); Grewal et 
al. (2014)] or did not altered it all [Nam et 
al. (2014)].There was a significant 
difference (P<0.05) in milk protein, lactose, 
total solids, SNF , density, temperature and 
mineral matter among all treatment groups 
by feeding protected protein and fat. 
Fatty acid profile of milk is 
presented in table 5. Total saturated fatty 
acid content in T0, T1, T2 and T3 were 68.32, 
67.73, 65.88 and 65.24 per cent, 
respectively.  The total unsaturated fatty 
acid content (table 6) in T0, T1, T2 and T3, 
were 26.85, 28.03, 29.00 and 29.58 per cent, 
respectively. The monounsaturated fatty 
acid in T0, T1, T2 and T3, were 21.24, 22.18, 
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22.75 and 23.28 per cent, respectively.The 
poly unsaturated fatty acid in T0, T1, T2 and 
T3 are 5.61, 5.85, 6.25 and 6.30 per cent, 
respectively. Overall, there was increased 
concentration of mono and poly unsaturated 
fatty acids by supplementing bypass fat and 
protein. Tyagi et al. (2010) reported 
increased total long chain fatty acids 
(LCFA) and monounsaturated fatty acids 
(MUFA) by feeding bypass fat. Qureshi and 
Tawheed (2012) reported that SFA was 
significantly (P<0.05) decreased while 
MUFA and PUFA increased with the 
increasing supplementation of protected 
palm fats feeding on crossbred cows. It 
appears that hypercholestermic properties of 
the milk were reduced and cardio-protective 
properties were enhanced by feeding 
protected palm fats. Sontakke et al. (2014) 
observed significantly increase in USFA by 
feeding rice bran lyso-phospholipids 
(RBLP) and rumen protected fat (RPF) in 
crossbred lactating Karan Fries. Qaisi and 
Titi (2014) reported no differences in milk 
fatty acids composition by supplementing 
rumen protected methionine on goats. Garg 
et al. (2012) reported improvement in long 
chain fatty acids (LCFA; C16:0 to C20:0) 
and mono-unsaturated fatty acids (MUFA; 
C14:1, C16:1 & C18:1) contents by feeding 
bypass fat with rumen protected choiline 
chloride. Also Shelke et al. (2012) reported 
improvement in unsaturated fatty acid and 
decreased in saturated fatty acid by feeding 
bypass fat and protein in buffalo. 
CONCLUSIONS  
By supplementing the diet of 
crossbred cows with protected fat and 
protectedprotein, the digestibility of 
nutrients increased. There was significant 
increase in milk production andmilk fat, 
milk protein, lactose, total solids, SNF 
among all treatment groups by feeding 
protected protein and fat. Supplementation 
of protected fat and protein increased the 
proportion of unsaturated and long chain 
fatty acids of milk and accordingly there 
was a corresponding decreased insaturated 
fatty acids of milk fat. 
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Table 1. Chemical composition of feed ingredients (% DM basis) 
Parameter Maize Lucerne S. Cane Dry 
Jowar 
Rice 
bran 
Wheat 
bran 
Tur 
chuni 
GNC 
DM 17.76 23.73 33.93 60.68 90.72 93.36 92.08 92.06 
CP 09.85 21.54 05.24 04.94 15.44 15.07 10.46 38.01 
CF 31.90 25.29 31.66 33.74 12.37 04.26 19.99 15.24 
EE 01.68 01.85 0.68 0.96 01.13 01.85 01.69 07.21 
TA 08.94 11.26 08.18 11.84 12.61 01.89 09.99 02.31 
NFE 47.63 40.06 54.24 48.52 58.45 76.93 57.87 37.23 
Table 2. Feed composition and chemical analysis of concentrate mixture 
Ingredient composition T0 T1 T2 T3 
Rice bran 35 35 35 35 
Wheat bran 15 15 15 15 
Groundnut cake (Untreated) 20 - 20 - 
Groundnut cake (Treated with FA) - 20 - 20 
Tur chuni 27 27 27 27 
Mineral mixture 2 2 2 2 
Common salt 1 1 1 1 
Chemical composition     
DM 88.15 88.1 88.00 88.2 
CP 18.61 18.65 18.40 18.55 
CF 13.41 13.45 13.65 13.71 
EE  2.57 2.55 2.62 2.61 
TA 7.85 7.85 7.86 7.86 
NFE 57.56 57.5 57.47 57.27 
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Table 3. Nutrient intake of cows fed with or without protected fat and protein 
Treatment 
Parameter T0 T1 T2 T3 SEM ±  
DMI (kg/day) 12.47a 12.59a 12.23b 12.72a 0.11  
DMI/(%BW) 3.05 3.01 3.13 2.81 0.12  
DCPI (kg/day) 1.15b 1.21a 1.18a 1.23a 0.01  
DCPI(%BW) 0.28 0.29 0.3 0.27 0.01  
TDNI(kg/day) 7.11c 7.86b 7.93b 8.32a 0.07  
TDNI(%BW) 1.74 1.88 2.03 1.84 0.07  
a,b,c values bearing different superscripts in a row differ significantly (P<0.05) 
Table 4. Milk yield and Milk composition of cows fed with or without protected fat and 
protein 
Production performance 
Parameters T0 T1 T2 T3 SEM ±  
Milk yield 9.82b 11.76a 11.41a 12.43a 0.403  
FCM yield 9.66c 11.40b 11.56b 13.37a 0.455  
ECM yield 9.54c 11.08b 11.20b 12.68a 0.449  
Fat yield 0.39b 0.44b 0.46b 0.54a 0.022  
Milk composition  
Parameters T0 T1 T2 T3 SEM ±  
Fat  3.84b 3.81b 4.03b 4.52a 0.082  
Protein 3.06a 2.96c 2.97bc 3.03ab 0.022  
Milk Lactose 4.93a 4.76b 4.77b 4.80b 0.03  
SNF  8.76a 8.52b 8.53b 8.65ab 0.058  
Solids 12.60b 12.33b 12.56b 13.16a 0.113  
Density  1.0298a 1.0289b 1.0291b 1.0286c 0.000188  
Temperature 25.79b 24.54a 24.95a 24.35a 0.383  
Freezing Point 0.58a 0.56b 0.56b 0.56b 0.004  
Mineral Matter  0.79a 0.77b 0.77b 0.76b 0.005  
a,b,c values bearing different superscripts in a row differ significantly (P<0.05) 
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Table 5. Fatty acid profile (%) of milk of cattle fed with or without protected fat and 
protein 
Parameter Type of Fatty acid (%) T0 T1 T2 T3 
1 Saturated  68.32 67.73 65.88 65.24 
2 Unsaturated  
a Monounsaturated  21.24 22.18 22.75 23.28 
b Polyunsaturated  5.61 5.85 6.25 6.30 
3 Total unsaturated  26.85 28.03 29.00 29.58 
4 Other 4.83 4.24 5.12 5.18 
5 Total fatty acid 100 100 100 100 
Table 6. Saturated fatty acid profile (g/100g) of milk of cattle fed with or without protected 
fat and protein 
  Saturated fat  T0 T1  T2  T3  
C4:0 Butyric acid 1.95 1.94 1.80 1.75 
C6:0 Caproic acid 2.70 2.75 2.55 2.45 
C8:0 Caprylic acid 3.80 3.84 3.52 3.45 
C10:0 Capric acid 3.18 3.33 3.28 3.38 
C11:0 Undecanoic acid 0.00 0.00 0.00 0.00 
C12:0 Lauric acid 4.55 4.30 4.20 4.01 
C13:0 Tridecanoic acid 0.16 0.23 0.28 0.21 
C14:0 Myristic acid 14.10 14.20 13.70 13.40 
C15:0 Pentadecanoic acid 1.58 1.70 1.50 1.40 
C16:0 Palmitic acid 22.40 22.64 22.55 22.60 
C17:0 Heptadecanoic acid 0.00 0.00 0.00 0.00 
C18:0 Stearic acid 12.80 12.90 12.57 12.38 
C20:0 Arachidonic Acid 0.70 0.90 0.85 0.71 
C22:0 Behenic Acid 0.00 0.00 0.00 0.00 
C23:0 Tricosanoic Acid 0.00 0.00 0.00 0.00 
C24:0 Lignoceric Acid 0.00 0.00 0.00 0.00 
C21:0 Heneicosanoic acid 0.00 0.00 0.00 0.00 
Total   68.32 67.73 65.88 65.24 
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Table 7. Unsaturated fatty acid profile (g/100g) of milk of cattle fed with or without 
protected fat and protein 
  Fatty acid profile T0 T1 T2 T3 
  Monounsaturated Fat         
C14:1 Myristoleic Acid 1.50 1.72 1.78 1.72 
C15:1 Cis-10 Pentadecenoic 0.10 0.22 0.29 0.23 
C16:1 Palmitoleic acid 0.00 0.00 0.00 0.00 
C17:1 Cis 10Heptadecanoic acid 0.10 0.39 0.40 0.70 
C18:1n Oleic acid 19.54 19.85 20.28 20.63 
C20:1 Cis-11 Eicosenoic acid 0.00 0.00 0.00 0.00 
C22:1NG Erucic acid 0.00 0.00 0.00 0.00 
C24:1 Nervonic acid 0.00 0.00 0.00 0.00 
Total   21.24 22.18 22.75 23.28 
  Polyunsaturated Fat 
    
C18:2n6c Conjugated Linoleic 2.80 2.90 3.20 3.10 
C18:3n-3 Alpha-Linolenic acid 0.30 0.20 0.40 0.50 
C18:3n-6 Gamma – linolenic acid 0.50 0.45 0.51 0.57 
C20:2 Cis 11, 14- Eicosadienoic  0.00 0.00 0.00 0.00 
C20:3n-3 Cis – 11,14,17- Eicosatrienoic  0.40 0.50 0.52 0.40 
C20:3n-6 Cis–8,11,14–Eicosatrienoic acid 0.30 0.30 0.42 0.43 
C20:4n-6 Arachidic acid 0.61 0.60 0.50 0.60 
C20:5n-3 Cis–5,8,11,14,17, Eicosatgrienoic acid 0.00 0.00 0.00 0.00 
C22:2 Cis – 13, 16 Docosadienoic acid 0.70 0.90 0.70 0.70 
C22:6n-3 Cis-4,7,10,13,16,19 Docosadienoic acid 0.00 0.00 0.00 0.00 
Total   5.61 5.85 6.25 6.30 
 
Trans Fat 
    
C18:1n9t Elaidic acid methyl ester 3.71 3.41 3.83 3.95 
C18:2n6t Linoledaidic Acid 1.12 0.83 1.29 3.95 
Total   4.83 4.24 5.12 5.18 
 
